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ADV ANT AGES OF USING GEOCENTRIC 
LATITUDE IN CALCULATING DISTANCES. 
By 
B. Gutenberg 1 ) and C. F. Richter 2), Pasadena, Calif. 
(With 1 figure.) 
Zusammenfassung: Bei der Berechnung von Entfernungen auf der Erd-
oberflache wurde seither die geographische ( = geodatisehe oder nahezu gleich 
der astronomisehen) Breite benutzt. Dieser entsprieht jedoeh nieht der in 
der Seismologic beniitigte Zentriwinkel e< (Fig. 1), sondern ein griiBerer Win-
kel {J, der gemaB Gleichung (2) mit e< verlmiipft und im Maximum iiber 11' 
griiBer als e< ist. Wenn ein Epizentrum in mittleren siidlichen Breiten, die 
Station - wie in den moisten Fallen - in mittleren nordlichen Breiten liegt, 
kann somit dcr Zentriwinkel L1 zwischen beiden bis zu 23' falsch werden, 
wenn man die geographische Breite der Berechnung zugrunde legt. Bei Ver-
wendung der geozentrischen Breite e< tritt kein soleher Fehler auf. Fiir exakte 
Rechnungen kann man auBerdem die Hohe H der Station bzw. des Herdes 
iiber oder unter einer Bezugskugel verwenden. Als solche wird die Kugel mit 
dem Umfang 40000 km (Radius 6366 km) benutzt. Die sich dann ergebenden 
Werte von H sind in Tab. 1 zu finden, ebenso der Effekt L1 t von H auf die 
Laufzeit der direkten Longitudinalwellen. Berechnet man Entfernungen 
langs der Oberflache der erwahnten Kugel, so erhalt man F ehler sowohl bei 
Verwendung der geographisehen wie bei Verwendung der geozentrischen 
Breite (falls H nicht beriicksichtigt wird), doch sind sie im zweiten Falle 
(Ea in Tab. 2) kleiner. (Der maximale Wert von Ep ist ± 32 km fiir L1 = 90 °.) 
Tab. 2a gibt die entsprechenden Differenzen fiir 10 °, gemessen in km auf der 
Bezugskugel auf einem Meridian .zwischen den angegebenen Breiten <:p minus 
dem entsprechenden Werte auf dem Ellipsoid von CLARKE, Tab. 2 b die 
entsprechenden Unterschiede fiir 10 ° auf den Breitekreisen. Zurn Schlusse 
wird empfohlen, alien seismischen Untersuchungen den unter Benutzung der 
geozentrischen Breite berechneten Zentriwinkel L1 zugrunde zu Iegen. Die 
geozentrische Breite sowie die Hohe H iiber der Bezugskugel ist fiir eine Reihe 
von Stationen in Tab. 3 zusammengestellt, zusammen mit der Lange },. Die . 
Umrechnung der Entfernungen in km erfolgt am besten unter Zugrunde-
legung der Kugel mit dem Umfang 40000 km. 
In seismological calculation of distance it has hitherto been custom-
ary to treat the earth as spherical. The error thus introduced has gen-
erally been held to be small, as the difference between the equatorial 
1 ) Balch Graduate School of the Geological Sciences, California Insti-
tute of Technology, Pasadena. 
2 ) Carnegie Institution of Washington, Seismologic Research, Pasadena. 
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and polar radii is 22 km.; this would affect the travel time of longitudi-
nal waves by a quantity of the order of 2 seconds. 
The recent noteworthy improvement in timekeeping at many sta-
tions calls for a re-examination of such small sources of error. On re-
examination it appears that there exists a further error, originating in the 
application of spherical coordinates to the ellipsoid. The angular dis-
tance, L1, is usually calculated by the formula 
(1) cos L1 = cos q;1 cos q;2 cos (A. 2 - A.1) + sin q;1 sin q; 2 
in which CfJv cp 2 are the latitudes of the two points, and A.v A. 2 are the 
corresponding longitudes. 
. The positions of points on the earth's surface, including seismological 
stations, are usually given in terms of the longitude and the geographic 
or geodetic latitude (or the astronomical latitude, which differs only 
ve;ry slightly). But a serious question is raised if we attempt to compute.d 
by substituting the geographic latitudes for CfJv cp2 in the above formula. 
Fig. I. A = point on the spheroid, 
°' = geocentric latitude, f3 = geographic 
latitude, 0 = corresponding point on the 
sphere, if the geocentric latitude is used, 
but the height H of A over the sphere is 
neglected, B =corresponding point on the 
·sphere, if the geographic is used. B', O', 
H' have similar meaning the point A' being 
closer to the pole P. 
a 
fl' 
0 
Figure 1 represents a quadrant of a section of the earth and of 
a concentric sphere, the ellipticity being greatly exaggerated. P is the 
pole, 0 the center and Q a point on the equator. The geographic latitude 
of a point A on the earth's surface is given by the angle f3 between the 
normal at A and the equatorial plane. The geocentric latitude of the 
same point A is the angle iX between the radius 0 A and the equatorial 
plane. 
The use of geographic latitudes in (1) is equivalent to replacing A 
by the point B on the sphere, such that 0 B is parallel to the normal 
at A; the use of geocentric latitudes is equivalent to replacing A by 0, 
which lies on the same radius OCA. The question is now which of these 
two procedures is more appropriate to the purposes of seismology. One 
advantage of using geocentric latitudes is that in this case the calcu-
lated angle LI is th.e actual angle subtended by the two given points at 
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the center of the earth; while the use of geographic latitudes gives 
an entirely distinct angle, of less simple geometric significance. The 
exact relation of the two latitudes IX and {3 is given by 
(2) tan IX = (l-e2) tan {3 
where e is the eccentricity of the ellipse in figure 1. Since e for the earth 
is small, an approximation suffices for our purposes, and we may take 
(3) {3 - IX= 11.67' sin 2 {3. 
The exact quantity 11.67' is based on the eccentricity of the CLARKE1) 
spheroid, but will not materially differ if other usual spheroids arc as-
sumed. 
From (3) it is clear that the difference between the two latitudes 
reaches a maximum value of over 11' when the geographic latitude is 45° 
(north or south). In the two extreme cases (a) of a source near latitude 
45°, and a station near latitude 45° in the opposite hemisphere but on 
the same meridian, and (b) both source and station near 45 ° latitude in 
the same hemisphere, but on opposite meridians, the distance LI comp-
uted using geographic latitudes will be respectively greater or less than 
that computed using geocentric latitudes, by more than 23'. As LI is 
near 90° this corresponds to a difference of ± 2 seconds in the travel 
time of longitudinal waves. The error is over 10' at latitudes between 30° 
and 60°, which includes most stations of the world. 
In the preparation and use of seismological travel time tables it is 
assumed that the earth is spherical; and these travel times arc ordinarily 
given in terms of an angle LI. It is taken for granted that for equal LI the 
travel times arc equal. This assumption is partially justified if LI is the 
actual angle at the center, calculated from (1) by the use of geocentric 
latitudes; but it is a very questionable practice when, as is usual, LI is 
calculated from geographic latitudes. It is true that the interior prop-
erties of the earth have not a spherical, but an ellipsoidal distribution, 
so that the travel time must vary with position of source and station as 
well as with central angle. But the use of geographic latitudes, far from 
taking into account this effect, further complicates and obscures it. 
In working with geocentric latitudes we can calculate the elevation H 
(figure 1) of the stations, above or below a mean sphere, with radius 
intermediate between the polar and equatorial radii of the earth. Very 
convenient for this purpose is the sphere with circumference 40000 km., 
and radius 6366 km. The extreme values of H are then + 12 km. at the 
1 ) The spheroid of CLARKE has been used as the base of the " Smithsonian 
Geographical Tables". 
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equator and -10 km. at the poles. The values of H for every 10° of 
latitude are given in table 1. L1 t is the correction to be applied to the 
Lat. 0 
H 12 
Table 1. 
10 20 30 40 50 
12 10 7 3 -1 
60 
-4 
70 
-7 
80 90 ° 
-9 -lOkm. 
Ll t 1.1 1.1 0.9 0.6 0.2 -0.l -0.4 - 0.6 -0.8 -0.9sec. 
travel time according to the formula t =ts+ L1 tin which ts is the tab-
ulated travel time on the assumption that the station and source lie 
at the surface of the sphere of 40000 km. circumference. The values of 
Ll t given in table 1 are calculated from the sufficiently approximate 
formula 
where i is the angle of incidence and V the average velocity. For longi-
tudinal waves cos i/V lies between 0.08 and 0.1 sec./km. (for distances 
over 10°). Therefore the value of L1 t for longitudinal waves, for distances 
over 10°, can be assumed to be L1 t = H (km.)/11. This gives the tabu-
lated values. 
In this way we correct for the fact that the station does not lie on 
the assumed spherical surface. A second correction, additive to this, 
arises at the source of the shock; and if the depth were known or could 
be assumed a priori, a correction could be calculated and applied 
uniformly to all the tabulated travel times. But since the depth is 
not a given quantity, it is best to consider it as combined with the 
elevation H and treat the result in the ordinary manner used in con-
sidering depth of focus. It i& worth noticing that in this way there 
may arise, near the equator, apparent cases of "high focus". 
In seismological tables there is often given, in addition to or in place 
of the angle L1, a distance over the surface in kilometers. If this distance 
is calculated from the radius of an arbitrary sphere, such as that of 
40000km. circumference, no difficulty arises, and the value in kilometers 
is of some practical convenience. But if an attempt is made to derive 
the true distance over the actual surface, it is possible to ask whether 
the use of the geographic or the geocentric latitude gives the better 
approximation. The situation then becomes very complex. 
If we compare distances calculated from the Clarke spheroid with 
distances calculated from the sphere of 40000 km. circumference, we 
obtain the results exhibited in tables 2a and 2b. The columns headed E,, 
and E11 give the excess (positive or negative) of the arc on the sphere 
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over the arc on the spheroid, between two points having the geocentric 
or geographic latitudes given under cp; the two points are on the same 
meridian at the two latitudes (in the same hemisphere) given in the cp 
column. In table 2b the points are on the same parallel, and therefore 
are both at the latitude given in the cp column, and differ by 10° in lon-
gitude. E ,. and Eli give the excess in the length of 10 ° of the parallel on 
the sphere over that on the spheroid, for the two cases when cp is the 
geocentric (Ea) or geographic (Ep) latitude. 
T a ble 2a. Table 2b. 
'P 0 Ea(km. ) Ep(km.) <po Ea (km.) Ep(km.) 
0- 10 -2.1 + 5.3 0 -2.1 -2. l 
10- 20 -1.9 + 4.6 10 - 1.9 - 2.2 
20-30 - 1.4 + 3.4 20 -1.6 - 2.4 
30-40 + 1.0 + 1.7 30 -0.9 -2.6 
40~50 - 0.2 -0.2 40 -0.5 -2.8 
50-60 -1.5 - 2.2 50 + 0.1 -2.8 
60-70 + 0.9 - 3.9 60 + 0.3 -2.4 
70-80 + 1.4 - 5.1 70 + 0.4 -1.9 
80- BO + 1.6 -5.8 80 + 0.3 -1.0 
It is clear that the errors in these calculations are on the whole much 
less when geocentric latitudes °' are used than when geographic lati-
tudes fJ are used. 
Besides these, use is occasionally made of the "reduced latitude", y, 
which is defined by 
tan y = (1 - e2f y, tan °'· 
Its numerical value is very nearly the mean of °' and {J. The errors in-
troduced by using the reduced latitude are of the same order as those 
introduced by using the geocentric latitude; while the angle LI calculated 
from (1) has much less simple geometrical meaning than that found 
usmg °'· 
For seismological use the quantities required for the computation 
of distance are seen to be the longitude, the geocentric latitude, and the 
height H above the arbitrary sphere (circumference 40000 km.). On 
the right side of table 3 these are given for a number of stations; the 
geographic latitude and the height h above sea level appear on the left. 
Except in the cases marked with an asterisk, the station constants are 
from information supplied by the stations themselves, either in corre-
spondence with the Seismological Laborato:r;y at Pasadena or in their 
own published bulletins. The coordinates have been checked very care-
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Table 3. 
Geogra-
Height Longi- Geo- Height 
above tu de centric 
above(+) or 
phic Lat- Station under(-) 
sea level (Green- La ti- sphere with 
itude f3 Ir= 6366 km. 
hin km. wich) ;, tude °' Hin km. 
0 I 0 I I 0 I 
68 21 N 0.4 Abisko* 18 49 E 68 13 N - 6 
34 56 s 0.0 Adelaide 138 35 E 34 45 s + 5 
13 24 N 0.0 Agafia (Guam) 144 38 E 13 19 N 11 
36 48 N 0.3 Alger-Bouzareah. 3 02 E 36 37 N 5 
38 21 N 0.0 Alicante 0 29 w 38 10 N 4 
22 32 N 0.0 Alipore-Calcutta . 88 20 E 22 24 N 9 
43 16 N 0.8 Alma ta . 76 57 E 43 05 N 3 
36 51 N 0.1 Almeria. 2 28W 36 40 N 4 
3 42 s 0.0 Amboina 128 10 E 3 41 s 12 
40 45 N 0.5 Andijan 72 22 E 40 34 N 3 
42 17 N 0.3 Ann Arbor 83 44 w 42 05 N 3 
13 48 s 0.0 Apia. 171 47 w 13 43 s 11 
40 23 N 0.0 Baku. 49 54 E 40 11 N 3 
8 58 N 0.0 Balboa Heights 79 33 w 8 54 N 12 
4125 N 0.4 Barcelona-Fabra . 2 08 E 4115 N 3 
6 11 s 0.0 Batavia. 106 50 E 6 09 s 12 
44 49 N 0.1 Beograd 20 27 E 44 38 N l 
60 24 N 0.0 Bergen . 5 18 E 60 14 N - 4 
37 52 N 0.1 Berkeley 122 16 w 37 41 N + 4 
53 24 N 0.1 Bidston (Liverpool)*. 3 04 w 53 13 N - 2 
1854 N 0.0 Bombay (Colaba) 72 49 E 18 46 N + 10 
45 41 N 1.5 Bozeman . 111 02 w 45 29 N 3 
47 29 N 0.1 Budapest . 19 04 E 47 18 N 0 
42 56 N 0.2 Buffalo. 78 51 w 4244 N 2 
8 56 N 0.0 Butuan. 125 32 E 8 53 N 11 
22 32 N 0.0 Calcutta 88 20 E 22 24 N 9 
33 58 s 0.0*? Cape Town . 18 28 E 33 47 s 5 
5130 N 0.1 Cardiff* 310 w 5119 N - l 
39 08 N 0.0 Carloforte* .. 8 19 E 38 57 N 3 
37 12 N 0.8 Cartuja (Granada) . 3 36 w 37 01 N 5 
37 30 N 0.0 Catania* 15 05 E 37 19 N 4 
38 02 N 0.2 Charlottesville . 78 31 w 37 51 N 4 
50 05 N 0.4 Cheb (Eger). 12 23 E 49 53 N - 0 
4147 N 0.2 Chicago ( U. S. C. G. S.) . 87 37 w 41 35 N 3 
40 04 N 0.1 Chiufeng 116 06 E 39 52 N l 
46 51 N 0.6* Chur. 9 32 E 46 39 N 1 
1854 N 0.0 Colaba-Bombay 72 49 E 18 46 N 10 
654 N 0.0 Colombo*. 79 52 E 6 52 N 12 
3400 N 0.1 Columbia . 8102 w 33 49 N 5 
5206 N 0.0* De Bilt. 5 11 E 5155 N - 1 
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G 
Height J 
eoara-
. 
0 
above I plnc Lat-
1 1 itudc {3 se~ eve I 
hmkm. 
33 13 N 
39 41 x 
55 56 !\: 
50 05 N 
0 04 x 
50 13 N 
43 47 N 
38 48 N 
40 52 N 
38 54 N 
51 33 N 
47 05 N* 
13 24 N 
36 08 N 
44 38 .N 
53 34 N 
42 30 N 
19 26 N 
49 24 I\ 
60 ION 
29 51 K 
48 43 N 
22 18 N 
2118 N 
12 03 s 
33 35 N 
0.2* 
1. 7 
0.1 
0.4 
l.l 
0.8 
0.1 
0.2 
0.0 
0.0 
0.3 
0.4 
0.0 
l.l 
0.0* 
0.0 
0.1 *? 
1.2 
0.6 
0.0 
0.1 
0.4 
0.0 
0.0 
3.4 
0.0 
47 16 N 0.6 
52 16 N 0.5 
34 58 N 0.0 
61 12 N 
50 56 N 
26 11 s 
49 01 N 
51 28 N 
34 41 N 
55 41 N 
10 14 N 
54 50 N 
33 33 N 
33 49 N 
0.0*? 
0.2 
1.8 
0.1 
o.o 
0.1 
o.o 
2.3 
o.o 
o.o 
O.!J 
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Table 3 (Continuation). 
Station 
Denton. 
Denver. 
Edinburgh* . 
Eger (Chcb). 
Entcbbe*. 
F cldberg (Taunus) . 
Fircnze-Ximtniano. 
Florissant. 
Fordham (New York) 
Georgetown ( vVashington). 
Gottingcn. 
Graz 
Guam (Agafi.a) 
Hai wee. 
Halifax. 
Hamburg. 
Harvard University 
Hawaii (Vole. Obs.) 
H eidelberg (Konigstuhl)* 
H elsingfors*. 
H elwan. 
Hohenhcim 
Hong Kong. 
Honolulu (University) 
Huancayo. 
Hukuoka. 
Innsbruck. 
Irkutsk. 
Ito. 
Ivigtut . 
J ena 
Johannesburg* 
Karlsruhe . 
Kew 
Kobe* 
Kobenhavn 
Kodaikanal . 
Konigsberg 
Ko ti 
Ksara 
Longi-
tude 
(Green-
! wich) J. 
Geo-
centric 
Lati-
tude <X 
!J7 08 W 33 02 N 
104 57 W 3!l 29 N 
3 11 W 55 45 N 
1223E 4fl53N 
32 28 E 0 04 N 
8 27 E 50 02 N 
11 15 E 43 35 N 
90 22 W 38 37 N 
73 53 W 40 40 N 
77 04 W 38 43 N 
9 58 E 
15 27 E 
144 38 E 
51 22 N 
46 53 N 
13 19 N 
11758W 3557N 
63 36 W 44 26 N 
9 59 E 53 22 N 
7134W 4219N 
155 16 W l!J 19 N 
8 43 E 49 12 N 
24 58 E 60 00 N 
31 20 E 2!J 41 N 
!J 13 E 48 31 N 
114 10 E 22 10 N 
157 4!J W 21 10 N 
75 20 w 11 58 s 
130 25 E 33 24 N 
11 24 E 47 04 N 
104 19 E 52 05 N 
139 06 E 34 47 N 
48 11 W 61 02 N 
11 35 E 50 45 N 
28 04 E 26 02 S 
8 25 E 48 49 N 
0 19 W 5 1 17 N 
135 11 E 34 30 N 
12 27 E 55 30 N 
77 28 E 10 10 N 
20 30 E 54 39 N 
133 32 E 33 23 N 
35 53 E 33 39 N 
Height 
aboYe (+ )or 
under(-) 
!'phcrc with 
r = 6366 km. 
Hin krn. 
+ 6 
5 
-- 3 
- 0 
+ 13 
0 
2 
4 
3 
4 
-1 
1 
11 
6 
1 
- 2 
+ 2 
11 
0 
- 4 
+ 7 
0 
!) 
9 
15 
5 
1 
-1 
+ 5 
- 4 
-1 
+ 10 
- 0 
- 1 
+ 5 
- 3 
+ 14 
- 2 
6 
6 
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G 
Height 
eoara-
h
. "L above 
p IC at-
. d fJ sea level 
1tu e 1 • k I 1i1n m. 
0 ' 
55 45 N 
46 03 N 
32 52 N 
16 30 s 
34 55 s 
5120 N 
49 50 N 
37 20 N 
34 47 N 
55 42 N 
4!) 50 N 
7 13 s 
36 44 N 
14 35 N 
43 18 N 
3 35 N 
37 50 s 
43 02 N 
39 08 N 
45 00 N 
3414 N 
48 09 N 
32 44 N 
35 10 N 
32 03 N 
28 23 N 
47 00 N 
35 06 N 
34 39 N 
45 24 N 
5146 N 
4849 N 
34 09 N 
31 57 s 
20 48 N 
40 27 N 
18 33 N 
52 23 N 
50 04 N 
59 46 N 
0.2 
0.3 
0.0 
3.7 
0.1 
0.1 
0.3 
1.3 
0.1 * 
0.0 
0.3 
1.6 
0.1 
0.0 
0.1 
0.0 
0.0 
0.2 
0.1 
0.2 
1. 7 
0.5 
0.1 
0.1 
0.1 
0.0 
0.5* 
0.0 
0.0 
0.1 
0.1 
0.1 
0.3 
0.1 
0.0? 
0.3 
0.0* 
0.1 * 
0.2* 
0.1 
Table 3 (Continuation). 
Station 
Kucino. 
Laibach (Ljubljana) 
La Jolla 
La Paz. 
La Plata 
Leipzig . 
Lcmberg (Lw6w) 
Lick Observatory 
Little Rock. 
Lund* 
Lw6w (Lemberg) 
Malabar 
Malaga. 
:Manila 
Marseille* 
Medan 
Melbourne* 
iVIilwaukee* . 
Mizusawa. 
l\'Ioncalieri * 
Mt. Wilson 
Miinchen 
Nagasaki 
Nagoya . 
Nanking 
Nase. 
Neuchatel. 
Numadu 
Osaka 
Ottawa. 
Oxford . 
Paris (Pare St. Maur)* 
Pasadena . 
Perth, VV. A.* . 
Phu-Lien* 
Pittsburgh 
Port au Prince 
Potsdam 
Praha 
Pulkovo 
Longi- I 
tude I 
(Green-
wich) ). I 
0 ' 
Geo -
centric 
Lati-
tude ex 
37 58 E 55 34 N 
14 31 E 45 51 N 
117 15 W 3241 N 
68 08 w 16 23 s 
57 56 w 34 44 s 
12 24 E 51 09 N 
24 01 E 49 39 N 
121 39 W 37 09 N 
92 21 W 34 36 N 
13 11 E 55 31 N 
24 01 E Ml 39 N 
107 37 E 7 10 S 
4 25 W 36 32 N 
120 59 E 14 29 N 
5 24 E 43 07 N 
98 41 E 3 34 N 
144 58 E 37 39 S 
87 55 W 42 50 N 
141 08 E 38 57 N 
7 42 E 44 48 N 
118 03 W 34 03 N 
11 37 E 
129 53 E 
136 58 E 
118 47 E 
129 30 E 
6 57 E 
47 57 N 
32 33 N 
34 59 N 
31 53 N 
28 13 N 
46 48 .K 
138 51 E 34 55 N 
135 32 E 34 28 N 
75 43 \\1 45 12 N 
115 W 51 34 N 
2 30 E 48 37 .K 
118 10 W 33 58 N 
115 50 E 31 47 S 
106 38 E 20 41 l'\ 
79 57 W 40 16 N 
72 20 W 18 26 N 
13 04 E 52 12 N 
14 26 E 49 53 X 
30 llJ E 59 36 N 
387 
Height 
above(+)or 
under(-) 
sphere with 
r = 6366km. 
Hin km. 
- 2 
+ 1 
6 
14 
5 
- 1 
- 0 
+ 5 
5 
- 2 
- 0 
+ 13 
4 
11 
2 
12 
4 
2 
3 
2 
7 
1 
6 
5 
6 
7 
1 
5 
5 
1 
-1 
0 
6 
6 
10 
3 
10 
- 1 
- 0 
- 4 
25* 
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Table 3 (Continuation). 
Geogra-
Height Longi- Geo- Height 
above tude centric above(+)or 
phic Lat- Station under(-) 
sea level (Green- La ti- sphere with 
itude {J r= 6366km. 
hinkm. wich) {J tude "' Hin km. 
0 I 0 I 0 I 
0 13 s 2.8 Quito. 78 30 w 0 13 s + 15 
47 47 N 0.4 Ravensburg. 9 37 E 47 35 N 1 
39 32 N 1.4 Reno* 119 48 w 39 21 N 5 
64 09 N 0.0* Reykjavik 2157 w 64 00 N - 5 
22 54 s 0.0 Rio de Janeiro 4313 w 22 45 s + 9 
34 00 N 0.3 Riverside . 117 22 w 3349 N 6 
33 50 s 0.0 Riverview-Sydney 151 10 E 33 39 s 5 
38 38 N 0.2 St. Louis . 90 14 w 38 27 N 4 
39 40 N 0.7 Samarkand . 66 59 E 39 29 N 4 
36 28 N 0.0 San Fernando* 612 w 36 17 N 4 
18 23 N 0.1 San Juan. 66 07 w 18 16 N 10 
34 27 N 0.1 Santa Barbara 119 43 w 3416 N 5 
37 21 N 0.0 Santa Clara. 121 57 w 37 10 N 4 
33 27 s 0.6 Santiago de Chile 7042 w 33 16 s 6 
52 08 N 0.5* Saskatoon. 106 30 w 5157 N - 1 
70 29 N 0.1 Scoresby-Sund. 2157 w 70 22 N - 9 
47 39 N 0.0 Seattle . 122 18 w 47 27 N 0 
44 37 N 0.0 Sebastopol 33 32 E 44 25 N + 1 
38 15 N 0.1 Sendai 140 52 E 38 04 N 4 
47 07 N 0.2 Seven Falls . 7050 w 46 56 N 1 
46 33 N 0.1 Shawinigan Falls. 7246 w 46 21 N 1 
44 57 N 0.3 Simferopol 34 07 E 4445 N 2 
57 03 N 0.0 Sitka 135 20 w 56 52 N - 3 
42 42 N 0.6 Sofia . 23 20 E 42 31 N + 3 
47 44 N 0.7 Spokane 117 21 w 47 32 N 1 
37 25 N 0.1 Stanford University 122 11 w 37 14 N 4 
53 51 N 0.1 Stonyhurst 2 28 w 53 40 N - 2 
48 35 N 0.1* Strasbourg 7 46 E 48 24 N 0 
48 46 N 0.4 Stuttgart . 9 12 E 48 35 N 0 
19 03 s 2.9 Sucre* 6516 w 18 56 s 13 
34 21 N 0.1 Sumoto* 134 53 E 34 10 N 5 
18 03 s 0.0 Suva. 178 24 E 17 56 s 10 
56 50 N 0.3 Sverdlovsk 60 38 E 56 39 N - 3 
33 52 s 0.0 Sydney* 151 12 E 33 41 s + 5 
4120 N 0.5* Tachkent . 69 18 E 41 08 N 3 
19 24 N 2.3 Tacubaya. 9912 w 19 17 N 12 
25 02 N 0.0 Taihoku 121 31 E 24 53 N 8 
18 55 s 1.4 Tananarive 47 33 E 18 48 s 11 
58 23 N 0.1 * Tartu 26 43 E 58 12 N - 3 
45 01 N 0.1 Theodosia. 35 23 E 44 49 N + 1 
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Table 3 (Continuation). 
G J H eight Longi- Geo- J Height eogra -
tu de centric above(+) or h. L above Station under(-) p lC at-
. d f3 sea lev el (Green- La ti - sphere with r= 6366km. itu e hinkm. wich) f3 tude e< Hin km . 
0 , 0 , 0 , 
44 47 N 0.0 Technology (Machias ) 67 21 w 44 35 N 1 
4143 N 0.4 Tiflis. 44 48 E 41 32 N 3 
37 06 N 1.2 Tinemaha. 118 16 w 36 55 N 6 
35 43 N 0.0 Tokyo (Imp. Univ.) 139 46 E 35 32 N 5 
35 41 N 0.0 Tokyo (Centr. Met. Obs. ) 139 46 E 35 30 N 5 
39 52 N 0.5 Toledo 402W 39 40 N 4 
43 40 N 0.1 Toronto 79 24 w 43 28 N 2 
40 49 N 0.0 Tortosa* 0 30 E 40 38 N 3 
36 04 N 0.1 Tsing tao 120 19 E 35 53 N 5 
32 15 N 0.8 Tucson . 110 50 w 3204 N 7 
35 44 N 0.0 Tyosi . 140 52 E 35 33 N 5 
50 48 N 0.1 Uccle. 4 22 E 50 36 N - 1 
39 08 N 0.2 Ukiah 123 13 w 38 57 N + 4 
33 27 N 0.1 Usionomisaki 135 46 E 33 16 N 6 
59 51 N 0.0 Upsala . 17 38 E 59 41 N - 4 
45 26 N 0.0 Venezia. 12 20 E 4514 N + 1 
48 25 N 0.1 Victoria B . C. * 123 19 w 48 13 N 0 
43 07 N 0.0*? Vladivostok . 131 57 E 42 56 N 2 
4117 s 0.1 Wellington 174 46 E 41 06 s 3 
48 15 N 0.2 Wien . 16 22 E 48 03 N 0 
44 30 N 0.1 Yalta. 34 10 E 44 18 N 2 
45 49 N 0.2 Zagreb . 15 59 E 45 37 N 1 
31 12 N 0.0 Zi-ka-wei . 121 26 E 31 01 N 6 
37 29 N 0.1 Zinsen 126 38 E 37 18 N 4 
47 22 N 0.6* Zurich 8 35 E 47 11 N 1 
fully against all available sources. As we propose later to publish a list 
of corrections and additions, we shall much appreciate having our atten-
tion drawn to any errors. 
In conclusion we wish to recommend that in future all seismological 
calculations, and all publications of travel times, be carried out in t erms 
of the central angle LI, computed with the use of geocentric latitudes. 
Precise work should also take into consideration the effect of the variation 
of radius, which corresponds to the varying values of Has given in t able 3. 
Arc distances " over the surface" had best be given in terms of the sphere 
of 40000 km. circumference. 
